I n t r o d u c t i o n
Experimental studies of the magnetic properties of single-crystal aFe grown on GaAs by molecular-beam epitaxy have revealed anomalous decreases in the magnetization as a function of film thickness, for both (100) and (110) faces [I, 21 . The bulk magnetization is only recovered in films of a thousand A. This anomaly in the magnetization, in particular the lack of satura, tion for thick films, was recently attributed to the presence of random surface anisotropy at the GaAs face [3] . The Fe films grown on the (110) face have another interesting feature, i.e. the easy direction of magnetization switches from [OOl] to [lIO] as the thickness of the films is decreased [4, 51 . The latter phenomenon is attributed to the pesence of uniaxial surface anisotropy. Assuming that the sign of the surface anisotropy is such as t o favor the [ l i O ] direction, in a film of a given thickness, the surface and bulk anisotropies compete in determining the net magnetization direction. In thick films, the bulk aisotropy wins, and [001] is easy. In thin films, however, the surface anisotropy per volume, which varies as the inverse of the thickness, prevails, and the [IiO] is the easy direction. However, these considerations leave open the question of the nature of the transition or transitions and the effect of the random anisotropy on them. In this paper we discuss some of the consequences of an extended version of the model of random surface anisotropy which includes a coherent (i.e., non-random) uniaxial surface anisotropy. The results are summarized by means of a phase diagram with film thickness and strength of the coherent surface anisoropy as coordinates. [OOl] , [ o~o ] and [uiiv] regions are separated by 1st or 2nd order transition lines. In this [utiv] region the net spin direction varies with distance from the surface. The effect of the random surface anisotropy is significant in two regions of this thickness-surface anisotropy space; the region where the coherent surface anisotropy is small (for any thickness) and the region where the surface anisotropy energy per area is roughly equal to the bulk domain wall energy per area (and the thickness is in the vicinity of the wall width). The latter region is centered along the 2nd order line separating [001] from [uiiv] . The case of aFe on (110) GaAs is discussed on the basis of these results.
The existence of a uniaxial, in-plane surface anisotropy for low-symmetry surfaces (such as (110)) was predicted by NBel[6]. Rado [7] showed how surface anisotropy influences high-field magnetization and ferromagnetic resonance frequencies. NBel estimated K,. analysis is based on the "homogeneous magnetization approximation" , which is identical to our model in the limits of ultra-thin films and no random surface anisotropy.
The m o d e l and the phase d i a g r a m
We consider a model of ferromagnetically coupled spins lying in the (110) plane subjected to a fourth order crystalline anisotropy and a unixial surface anisotropy. The total energy F is a functional of the angle variable O which the spins make with respect to the [001] direction
Here, A is exchange stiffness (= 2 x Rado's value), Kl the usual fourth order anisotropy constant, K, the strength of the coherent surface anisotropy, K, the strength of the random component of surface anisotropy and r] is a random function of position x on the reacted GaAs face. 1 and 2 refer to the two faces at z = 0 and z = L respectively. The function 3 E (O) is given by E (63) = -COS 4 8 + cos2@. It is the 4 last term in equation (1) that distinguishes the present work from that of reference [5] . The requirement that 
The effect of random surface anisotropy
The random surface anisotropy at z = 0 gives rise to a fluctuating magnetization which is greatest near this surface. We expect the fluctuations to be largest along the second-order line and at and near K, = 0.
We estimate the size of the fluctuations from the [001] state by calculating the mean square value of Q at z = 0. In so doing we assume that correlations between then (x) are finite only over distances of the order of the lattice parameter ao. We find that
f -I vanishes along the second ordr line, so the fluctuatons diverge there and this perturbative approach breaks down. However, we can estimate the boundary of the region in which there is a large reduction in the magnitude of the magnetization by setting Q2 B 0.2, say, and solving for T for fixed P. Using K, w K,, the prefactor in equation (9) is of the order of Expanding f for T near 72, its value on the critical line, and setting /3 = P = 1.0, AT w 0.03. Thus only for thicknesses very close to the critical thickness would we expect a significant magnetization reduction. Note however, that whatever the size of the reduction, it penetrates a distance of the order of the domain wall with into the bulk of the specimen [3] . 4 . Discussion
We come now to the question of Fe films on (110) GaAs. Where do they fit on the phase diagram? All indications are that the easy-axis transition takes place at 100 A; from equation (8) for the first-order line using Kl = 5 x lo5 erg cm-3 we find K. = 0.125 erg cmd2 This puts aFe in the low P portion of the phase diagram, where the (virtual) second-order line gets close to the first-order line, indicating that significant fluctuations in magnetization are expected. In fact, using equation (9) with A = 2 x erg cm-l, the value of KI given above, and a0 = 2 x cm, we find the surface random anisotropy distorts the ,first-order line, pushing it to higher T for a given P, as shown schematically by the dotted line in figure 1. Note that the shifted line intersects the T axis at a finite value, proportional to K,. Thus it is that random anisotropy To summarize, we have extended the model of random surface anisotropy to include a coherent uniaxial term. We chose the latter to be in competition with the bulk anisotropy in order to study the nature of the transition, as a function of film thickness, from [001] to [110] . As depicted in the phase diagram, two different first-order transitions are expected, depending on the surface anisotropy strengths. The second order line is expected to be significantly altered by the presence of the random surface anisotropy, and so is the firstorder line near K, = 0. The latter modification is used to calculate a new first-order line and thus determine a reduced value of K, for Fe on GaAs.
